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(54) VARIABLE VALVE SYSTEM DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract 

PURPOSE: To avoid malfunction by returning lubricating oil 
pressure to an initial state at the time when it is excessively 
lowered and to prevent occurrence of large torque fluctuation as a 
plural number of variable valve system mechanisms are 
simultaneously switched over. 

CONSTITUTION: A valve lift adjusting mechanism 40 switches a 
cam to drive a suction valve by connection or disconnection of a 
main locker arm and a sub locker arm to or from each other to a 
cam for low speed and a cam for high speed in accordance with a 
driving condition. A valve timing adjusting mechanism 70 delays or 
advances opening and closing time of the suction valve by relatively 
rotating a cam pulley 71 and a camshaft 72 synchronzing with a 
crankshaft These switchover is carried out by hydraulic pressure 
through hydraulic pressure changeover valves 45, 79. At the time 
when lubricating oil pressure detected by a hydraulic pressure 
sensor 80 is excessively lowered, the hydraulic pressure changeover 
valve 79 of the valve timing adjusting mechanism 70 is first 
switched OFF, and thereafter, the hydraulic pressure changeover 
valve 45 of the valve lift adjusting mechanism 40 is switched OFF. 
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[ft A] A;^ij7hWif«H)l4 6tt, ^-r>p->^ 
7-A 1 t^JuyhT-LZ t<Dmt£b\s<\mi&\Z 

7 1t*Ayt7h7 2t««»@KSt, RSt#<DH 

-f5>y«8«WI7 0(O»E»*#7 9A«*fcOFFt 
ttD, *C;X^U7MMEWB4 0©»ffi»J||#4 5 




( 

I 

*n*ni»T*RR*>»Ei»#fc, tumftftit 

JE»#«»©||«ttE*- /t*^U 7 MtttftiRHttK 
*ftT * PT« »#«*ORJE*E<fc o t>m < Wtit Lfc c 

© e 

[§S#JS3] ±b<d/W7»j 7 h^tt^SttniiXft: 

«5*»#**<DR£»E <fc 0 »E*«ft^lHtt* 
7«J 7 htttt^R»«C3Eft;-r* rI*«i#«*0»E# 
jfc«R^6*E«»«R^co«R*»jb-r-&Ct*4»« 
*R*« 2 Gtt<0 A«S«RBB<D ^I*»#46R. 

±BA^^U7M*tt^R»WC*fkT*fI*» 
7 h*a«»^R»»#^e»T*A^'/U 7 hRStt 

d <h£#»<h-f 5R*1f 2 Sfcte 3 l:B*0)ft 
[§&#«5] R«#£R«#©*n«ur*ra»#« 

«*w»&nT*o, »««opj*»#««i(0R)e»E 

'R»«©i«»#««0>R:fc»EJ; 0 t>* < R£L 
«R„ 
[0 00 1] 

[RR±<D?i]ffl#»] A««RH<?>Sa#& 
[0 0 0 2] 

[ft3fetf)&ffi] -RKJlAU? 

fclU A*^7 r X7'J>^l'T^0]lr#^$nTl^ 
MW#*#LR<«*£ftoTUa*«, M*.tfftH<D 



2) #fHI¥8- 17 7436 

2 

tt**Rfta<DT. i6*tti:ck0/U?U7H»ttt«l 
5 0 LT, VtZli#miB6 3- 1 6 7 0 1 6 

fias*At«as!*At*3feRbT**, «vwifc 

« CraiMRR fe b < ttMKttRtwti) 0 R A* J: o \Z b 

AttfiRSAAfcitLT* *AU7hR*itf«#JBIB 
10 <*>«*#*# <R£S*ro>*. 

[0 0 0 3] ^7>^v^7hlC»T**Av^ 

ttCRttmSft-ftft, *0flWMj»ft (BMMUKfll* 
J»<&+£>thft*£7>*ft) AW^:ti:^5o 
[0 0 0 4] ^LT, R#0*AWRHJ:SA 

20 t*a*^to-frfcpj«»#RRt>«3R$nTt^. mm 

HtKiD. A'JU^U 7 h ****** 
■fr*£fca«T**£H»fc. R«fM*<fctfR*«l*FHg 

(BUT*, &mte&ftTT<D&#\z-mmGt!^z>ct 

[0 0 0 5] 

MW/ti^^ -f 5 > ?HKM«I0> J: 5 ft pJ£Ib#8t 
tttt, -RK* ttEK»*<DRlfc£ftoT*5rK 7^^ 

30 *££l;:«fcg«JD«Ut€>n*. 

[0 0 0 6] RftttOfilttfiiWwSfifcft 
BfcifccottSWrFU 7^al-^«^8 
3ft*»E**fiTLT, E*ft»ff*««R*hftt^« 

ftofc«SKtt, pJ*»#««^©ttE«R*«lhU 

fcT*£fcJWM«*rO*6 (W*tf#fc¥5-2 4 0 

[0 0 0 7] L*>Lft*i&, ±eo/^lf^U7hHER 
40 WfrWltrt S >^RB»©«fcTO»*««l* 

?FR»*Mill^©RERRt»fc#Jl:Ufct"r*t. ± 

to o o 8] liiMrt^AoWi: 
*0;^U7 hWtt*RII«^RftS««««nt7R 

[0 0 0 9] 

iwkmzm&Tztz&o^m £<dbw*. 7 

50 ^aI-«MDHlE(OW, ffjtH*i;T»»#* 



( 3 ) 



3 



»E«fc0ft<ft-3fc<!:* tr±E»EiH»#H J: ft idlE{fc 

H-o«H3ie*ftT-eaiE«»$ti«i:t*«*«) 10 

[0 0 10] ¥f\zm*#2<DftWT\t* ;tJ^ij7M» 

tt^attwt*fls-r^pi*i«i#««o»sttE*, ah, 

EJ:Dfc*<«36bfc. 
[00 11] *fc»*«3<DBW"C»l ±B©/t^y«j" 

7 M»tt*«a«Mic*ft-r*Fr«»#««©K«»E<fc 
o»E*<«v»wtt. /w? y 7 hWtt^'RiimiiXft-r 

^^®i#^ffi<7)aEff±«!i*^^E^^^-v<D^ 20 
[0 0 1 2] M#«4<0J:3l::, ±B©/W7y7M# 

«»ffl*Aco^-rn^-*o>ij7 h**»«#ne«r 

[0 0 13] *fc»#«5©BWTtt. 

(o-tti*nc^ise»#ai«*«wt'E»nTi5 0, 30 

««lE«fc0t>S<tt«bfc. 
[0 0 14] 

sn, 7 Httt*«ftr* i: t »E 

«J»«:«±r««»3e«lE^S^fcll&«>(Z)T, *E«« 

«jt^*i»r*»#««iT«*(8ff *n*. Mrrnn 

[0 0 15] Sl:»*S2©5SWTU, »E«STi»K. 
tt**Sl^t*ftr*5I«ib#«*^0»E«l&**Kfc 

«eTT*or, ^EfiT^iao±#nes'r^ : fe>co 

Tfctttf, »»<D?F«»*«l«l^O*E«*ffjfcllJ:r) 
M^iTU. *E*«0«-r«»pIfiBtt*«*a. £<0<*? 

naE*«@*rn«, /w:/y 7 hi*tta*ft««»::*fc so 
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[0 0 16] £tzffi#mZO%W?\Z* Kt^i^'J 
[0 0 17] »*a4o>;^^-f 3>yMHMitt. 

[0 0 18] *fc»#*5 0>569!TfcL ttEfiTW::* 
[0 0 19] 

[0 0 2 0] Bill 9 ®\Z tLT 

PVV-f U 7 hHBHMft4 0 fc/W:/*-f S >^PIS«» 
7 0 t*»tfc?J*lb#*«<D-*J6«**LTC^o 

[0021] ;w7u 7 bmrnmm* o no^t 

02, H3fct>«T«fc5«::. 
C0»&#9 H»«l/T-0©^^ >□ -y^jT-A 1 A«R 

*i^-f>Py*yt7h3**lTy'J F 

6 9tc«»aftic$»$nT^s. ^<>ov*7-'a 

1 (0*8l:IJM»#9 OXTAR«ca«t*7y t 
X>X>Ual 0#;*y h 1 1 *^UT«ttStlTt* 

[0 0 2 2] /-f>Dy*7-Al Ktt. ">t7M 3 

tt--F;^7U>^^UTn-7 1 4*<®fiaaE^ 

$#2*1X430, :<0D-7l4l:ftiS*A2 1^ 

iCT*J:5fcftoXt>*. 
[0 0 2 31 *<>ny*7-Al«¥»B±«&«J& 
IC8£J«$*IX430, D-yHtt^i^nfeiO 

y*7-A2©l*»7'Py*yt7M 6£fl*LX 

>oy *7-a i t«»®e^a6^att$nx^ 

3. *?Dy*yt 7 h 1 6^7 r D-y^7-A2irj^ 

«snfc^i 7 \zmwmm\zmttr ^s>-iSs m>d7 

* 7-A 1 HJBticSnfcft 1 8 irEAS*tTV»* 0 
[0 0 2 4] J *ZfUy%7-2*2\m%,ft9\zm»?Z 

*A2 2 t»»-f**A7*D7»2 3^n«ttl356m 
LX«WfcS*L *<0T*l::tt::<0*A7*o7«2 3£ 
i£iI£jrtA2 2lr# L*H**DXF*--->3>X7'U> 



( 4 ) 

5 

[0 0 2 5] *4>Oyti7-U\\Z\tt7uy'h7- 
A 2 OilT^feMLTnX h^-y 3 >X7U >?2 5 

ft<Z)DX h^e-va >X7U >y 2 5(OTSte0flf82 6 
CD&®2 6 aK5i&U ^(D±5fttelH]8&2 6KJllbg& 
llK^-T^Ux-^2 7$r^LT^^Dv^7-A2lr 
-^^^n^tfbSB2 8t^*rt&„ 

[0 0 2 6] &>£2!7J A 2 1 chili j£3** A 2 2 te^tl-i? 

n^co^A->^7h7 2tr~^:^^n. x>e;>o 10 

i^'J7hI^iift (!$#»lfJ8) L£7 
□ 7^-^£WLTV>£o 

[0 0 2 7] 1P7*7-A1, 2%m'&\zm&Z J &Z> 
fz&\Z. *<iyUyflJ~U \ t*}~?Uyft7—hs2\Z 
.^T77/^t3 3, 3 1, 3 4#H©jg&(;:&&£ 

mz\vmmk^ ztmm^tvx^. 77>yt3 4 

<D%mz\*V?->Z7*)>>/3 8«$tlTU6o 
[0 0 2 8] &ES&4 3^b^n^>f^lj?ftJE^(g^ 
<h> 'J^->X7U>^3 S<Dtf&Jj\Z±K)?7>z;'r 
3 3, 3lW7o^*7-A2(!:^<>D7*7-A 

^n^>f^ij^iE^±#T^^:, 77>yt33, 3 1^ 
^*->X7U>^3 8£E*gL*n^mi&LT* j*-f 
>Dy#7-Al t-*'Jnv*7'-A2\zmiTfo£? 30 

[0 0 2 9] mi£M&4 3fcU-f >P y7J7-A l£cfc 
O^^-f >P^7Jv^7 h30rtgP$iiUT^tt€»nT^ 
0, m^9)tt#4 5^7>LT^;^>75 7(DttUif6 

E:i)^m^(ommt^m\z0^m^n^^o\zt^x^^o 
[oo3o]*c, /vit^f-i *>?mmmm7 o\zz> 
^rmwtZo >vi7*m>>/mm®®7 o\t, *a 
is*7h7 2t*&7-*)7 ivmizmizn* 
mz&CTffim<D&#z&i£2it:. ®%#9<Dmmmm 

^A§i:9tt-pTW e *A7-'J7 1^-f^> 40 
[0 0 3 1 ] m4lZhmT±?\Z, *AS^7h72<£ 

fc^tfe\zfc£irz>fam<D7'y?/\oi;>¥6 3wwt\ft> 

ttT*5 9. ^7«^^Ar7v>y6 3II7JA7-U 7 1# 

[0 0 3 2] -T>7"A^v>^6 5t7<y?l\W>>/ 
6 3 0rair«U>y^OAU7J^^7 7 3^$llT 50 



#B§¥8- 1 7 7 4 3 6 
6 

7£*A£x>y'6 3ir#LT-f >±/\«}:/ > ? 6 
5*<ttaisMgU 7JA7-U 7 1 l:*fr£7JAvt 7 h 
7 20&ffij&*X<fcT5J:5K:fr?Tt>$. 
[0 0 3 3] 7£5 1 ii.X-*gB£ft5-f >i~/\^y>tf 
6 5t7WAf>y>y6 3 t'N U 7J>N/¥7 7 '3 ©011;: 
tefaJBE£7 S^jiJ^^nTV^p ?SJE£7 SK&^flS 
ttffi*^0r*«*HAT±*'rit, ^11*^*7 7 3 
**ffl)lltt«*> b U * - > X 7 U > y 7 4 L T***ft 
II^SlT^Ct^^O, 7JA>-Y7 h 7 2te©^#9tf) 

[o o 34] tt*t>*>* '\v%)],*7 7 3t>mm&w\z 
&ztz\t. m$e>±m&&xfTm\z7fiT&o\z, 
#9<Dmwmmmttmizm<. *fc^y*)M*7 7 3 

[0 0 3 5] «l£E£7 5l:H Myt7h72(DW 

njtt-fMt7'J 5 9t, *>J7-<X7 7£> ->U> 
^7Du/^7 6 8tr»*$nfe/-f >^t7'J 5 8^1 

[0 0 3 6] ^UT, £<D1b&*m±lzmtfrirz>1t#> 
IC, *Ayt7h7 2<Di^l:, X>;y # >»6*frl::« 

i:Tffii3Sii$n^m«^«#7 9>w8Mt&nT^s. 

«a»*#7 9tt#««»fCBOJ:-5CWIL7 8ftWt» 
T*JE*7 5fc»^ns»ffi*ftTS1i-. iMISfctttt 
?L7 8*H»l/T»ffi*7 5JC»^n*»E$*ae>^«k 

[0 0 3 7] /U7U7 h9MEtttt4 0 fcAAofjr-f $ 
>yWfi**7 0O«»#R<hbT, liM#4 5t 

mK«*#7 9(0iim^*iffli'r^3>hu-;i,a.x^ h 

tOO 3 8] 3> hn-;io.Xy h5 ltt, X>y>@ 
n, Ctl^<OttmitK*^^TX>5?>h^^<D«L»a 
[0 0 3 9] *fc, rt««H<OiH«»3R<3[)igS:tSrfil'> 

[0 0 4 0] £bK, f*EftT«ftaii#lrtt«**e 



(5) ##]¥8- 1 7 7 4 3 6 

7 8 

[0 0 4 1] *\Z, ±BMmm<om\Z^X«mt So ffp]77?FT*i roj ©*ftfctt, Xr773^ 

«B«J*#7 9^0FFtn e Httfc* Xf 

[0 0 4 2] 0 511. «Hae*frH*t1-6AA^»j7 7 hSBfi««4 0 

hmmwm*Qtwrt9<{s>ifmmmwn o©mp ^*o*«««#4 5©ox«i«T*^5*»fl3eL. 

tftt, /W7y7hfflS««4 0#(iaS*A2 2£» r i j T&a;i££ftft£LT«Bffl«#4 5£ 

jrl, ntrt*< $>?mmmm7 Qtfmmmmzmn oxtr* wf-^s, *r*79) . -tnswuoa 

6c ft*, A^U7HP*Wi4 0O«««ai#4 5 [0 0 4 8] K^^FT. FLttB7C07n-^* 

OON3WM*A2 2fc, OFFrt*ftaS*A2 1 ir 10 -Hl«oTK££*i*. Tft*)^ Xf771 ITi 

*n-en»«-r*c ^A^^^>^iii7o tt-fe>^8o*«tBUfcaEP*tt*a*, cn^mi 

©1|BS)&#7 9<DON*«aH«M0«*«fc, OFF RfcMlEP 1 43«trX* 2R£»EP 2 t TsT 1 243 

oto, aaxa«T mf77i *bw>»epj&* 

tt, *Bffl*#4 5a*ON\ ««»*#7 9^0FFt » 1»*»JEP 1 «kO«^«&J3tt, £ 1 1**17 5? ^ F 

fc£c T£ r i j tt* Uf771 3) . ^-LT> £ 1 K£ 

[0 0 4 3] SftaafluCttT. *O»ft««<0««T »£EP lKT0)»^Ctt, IS 1 if pJ7 7 ? F T£ roj 

tt, «««*#4 5**OFF. «B««fr7 9 3&*ON<h t?Z> Uf<;714) t<ht>ll, »EEfiT*«»TS 

&D, &m®*l>2 IT, *OBffl*»OTt*«£fc fc«C*fir<T8 1 tAfff* Uf771 5) . H& 

So IC, *IROttEP**lB2R*ttEP2«fcOKO»^lC 

[0 0 44] $^H«B8«»«r, *Ofi»«HU0*« 20 tt, « 2ffpl7^^F L£ rij <bb Ur771 

Til, pmg$Sjm#4 5. 7 9rt*OFF£frO* &5££! 7) > »2»£ttEP 2«T©«£Kte, ^2fjFaj7^ 

.*A2 1T. froaH»$Wrt*iIfta£fc*. ^FL£ roj <hTS (XT7718) . CdT, 

[0 04 5] Z.<D£otsM&m&ftA 5. 7 9 ©ON, 7*>f 3 >ya»«»7 OOf: 0«B9J«#7 9 05OX 

OFF», ±B3>hD^azyh5"ii:W4 *ikaEtft^*ita:*»EP ltt, /^yU7h«8 

*&ttfc*IT7*7*IM*txT, $&>Ifc&flo£r)8 «fl|4 0O*0«Btt*#4 5<DON*lji:ttEfcfc*a 

M©ft«f<!:@e»tH*^^TfTt>n*. ft*5, 2«SttEP2<kDfc»<»e$4rtU*. 

*#4 5<h««9Hft#7 9ttt. -tn-eniHWcoWW^ [0 0 4 9] fifot, C<0*aaK*5lv-n*. ffittttfi 

tt, W**«PIBKON'i:ft6Ct*%^«J:^^$riT «««Md#7 9*tOFFtt»rR0, *K«Bffl*#4 

HIBttt* ^©OX««a*~»Tg«LT£ 30 5**OF FttHKR*. ^T, 2t)'<D»JSE»#«fllO 

[0 04 6] 3>SD-;Ua-y h5 lte*l»T KM 4 0<fc*WtfcWD*fc>'E>'fK* eT(Z>«fBii**4 

a, «E-t>^8oottmaEi3S^^T, ^iriPima A^n^oT% vhzvtmmftzft*. 

E#aafcttTLT^ftl^«*BaUTV**. L [0 0 5 0] £fett*0>/W7»'T 5 >^88fiffil«t7 0 

T. »E*«Kffi»EJ:»)«^«'&^tt, »ft«T8 1 #OF F £ts.iT>Vl>7*) 7 hfttta*£fl:T*£ t Kf* 

±?Z>&o\zt^T^Z>. a±*MRifc3n*. S&Ktt. ■flHMottTAtm 

[0 0 4 7] i6^tf07Cft7a^t-Mt 2*1*. fcT, »E«T^»»±#lCfiHUTt^« 

m#ttft*W©8in**-rt)©T, 06^<>7d- /w:/*^*>yH»aa7 o<d«bw«#7 

^t-h(OXf771 T«H©ft«^@fiRHft«$t7 40 9*«OF F t&-pfcgM»"e«4E**0«-r *?I«ttA** 

««wate*fr*a*i&** j&oxt772t, a\>p7 /w:/y7ha«aa4O(0«B«j«#4 5<BOF 

^-f$>y»8lli7 0O*0tW«m#7 9CDONB FfP»€:®»Tt<5?IKttA^**. tffc, /U7'j7h 

ti, 7f7 7 3^ «««Hlf7 9«OFFtT (D^ftKOF F <hft£(DT, *»fc hJl^»b£Hi 

ks^< a i n siy y v f T<otti6£«jrr a. ^ cow s»« 4 0 ©wftta^-aa-r * - t»«T**<o"e* 

Lt«a**u» roj *«oNtajtLfc*at«r. [005 1] sfcastt. »^j77yFT 1 floors 

ttt>T- Xxy^4"C«PPl75yFT*« r 1 j OAft^Xaff^^-r. ^0>*a«Tli- XT772 1 

XT.y7 : 5'\ii^TmB^«#7 9$OXtt 50 -C»E-fe>it 8 O^ttffi Lfc*EP £K*i&*. CM 



{ 6 ) 

9 

Xf772 2T!f51R£r4EP 1 tVcMft*. fefc* z 

i K«»ffp i oyfifts 5 oo\»it«ffi 

i&**2»JEMiEP2J:0'bS<ia:*SnTl^. II 

?72 3^J|*. Bllfl*7 7*FT:&£tf»21fliJ:7 
7^FL^.rij ^fSo BlRftMEP iaT<&«£ 
Ktt, Xxy724Tf&l|f^J7^?FT£ roj £ 

&&8£ 4 0 1) £ 0 4 5 (DO F F 
5:M«fcU OFF««T*ntf, Xfy72 7T»2 
WpJ77^FL£ roj <hT3„ OFFW^OO 
N«#T&ntf, TsTVtZ 8-?££l;:iftEP<hS2R 
SttEP2£*lt«U B2R£WEP2«Tco«£ 
tt, TsTvIl 7TS2»pJ7^^FL$ TO] £T 

[0 0 5 2] ttoT, r<0*lS«fci3^Ttt, P*t?fcE 

*-4\>9&W9Mi o©tta«m#7 9*«ir&fc:oF 20 

P>P2<OBWU WE*ftt«ONR*£*nfct>«0, 
ONKBKBftSfu 3&0-IOFFI«t&tllt o 

FF«ii:i«sn*. Jtotzib. &mMftwz*m\z 

UZtrfteiK £tz, OFFftt&OX'^OttftAtglitS- 
ftSfcfc, P2^Pt/j:o^TM»l:0 
Nd^OFF^D«IAen^pI^tt^^j:<^0, « 
iUi^ h***ft*R*Kal:T*S. 30 
[0 0 5 3] JBU:* CO^^, ®^{SI^2 0(DpJ^ij 

TO** R£»E£Sfc£ttntf<kK 
[0 0 5 4] £fc, *»B£#ft«<D*-ft 

zn\z^£m#mmzmnzm&\zhmmi!zz>. 09 

^*»#«*<0«B«flR#<&ON, OFF£8iiJPT<5* 
<>7D-^t-hT*0» B»LfcB 6©7D-ft 

Uf773 2^tfXfy7[3 6) fc, »»«HFaJ7 
7?F ifecktf*««»pj7^yFea>«S (Xf-y7 
3 4*5d:^X7 1 ^-73 8) JcStJ^T, &m&£J&#cD 
OX, OFF^lTl^. 

[0 0 5 5] @1 0H ffoI^^yFi, FefeRjrT 50 



#ffl¥8~ 1 7 7 4 3 6 
10 

*B7£«H*<&7a-**-hT*0. Xfy74 1 
TBE1:>»8 03WBfflUfcllllEP*K*a*, Cti* 
»ftflR««ilEPe«J:tfBS«RCMiEP i«fv 
^4 2^«ttfXx^7 ; 4 6T^n-?nit«T^ 0 
»EP^»ftBRSttEPeJ:0«U«^Htt, ttftM 
8rPj7?yFe£ r i j £ L Ut774 3) . .Jlftfl 
K«»EPeKT(D«ftK^ ftmflfllr^^Fe* 

roj <tr^<h(ht>fr, »ft*T8 ltjiwrr* (xf? 

^4 4, 4 5) c B«^, *B0*EP«s*ftflR*M 
EP i £Q*t>«ft£li. Sft«ira7? ?F i $ 
Tlj <hb (X7774 7) , SWBRfciiEP i BIT 

T7748) . CCr. »»#«<DpJ*»#«B0>ON 
S]ti*E<fctt*#»BR£ftEPerau ftft#B"TXn 
#««0)ON*JtftEt^S*ftBRS»EP i £0*> 

«<Rjfc$ftrt>*. 

[0 0 5 6] ft^T* 210*««K43^Ttt, RttttiE 
jWMtfcBTUfcBlz. STOfcCBMTOXBfflM 
**OFF«BlrR0, *HR«BRr*»#«B^OFF 
ttBCR*. *<Dfc«>, A£ttH®til**WiiN£tu ■ 
.»»0»EfiTOKBt&*tt«±#*«|»jt*n*. * 
LT, £<BRfc, #ftM0pT£ft#tt«<h«SM®pJ« 

*£>tt5(o-c, h;u^*»*«insn*, mz, 

^<r>Hmm^ t O F F ttBicw 0 &fc> 

[0 0 5 7] tfcBl -111. ffBj7^yFi. F e OR 

«3B«Lfcfe©T*oT, Xr^75 lT$E-tr>1r8 
0#ftmbfc»EP£«*iMK :n$Xf775 2T 
»««R£ttEPefcfc«T*. CO*««T 
t)> »S#«OBJ^ib#«ttOONSIih»Ei^^«a 
«R«ttEPe(0#i&«, »»#toW£8b#««OON* 
Jt»Et<c*»«BRSttEP i J:0t>*<R«$tlT 
t^o *R©*EP^»«BR*«iEPe 
l:H Xry/5 3^ »gB«FpJ7^yFe^J: 
tffft^fflif^^F it rij ^TSo #SU»R£» 
EPeaTOidttt, Xx^7 ? 5 4T^^|fDj7 7 
^Fefc TOj «hU fr?Z7-y7S 5T*£fl"8 1 

Si^BXL. OFF*«1f*nH Xf7 75 7TiM 

W77^f i« roj ^-r^. OFFM^iO 

ONRHtTfttltf. X77^5 8T$^IC«EPt»a 
fi!lR^»EP i t*ifc«b, SSMSentSP i ETFO 
B^tt, *7-y7S 7TKaffiWpl77yF i $ roj 

[0 0 5 8]fiEt>T, ^©*RBC*^Ttt> ©«»E 

*ft©Jt««9*3&:0»a«5J2C»#BB^»% tOF F 



( 

11 

»«<D?I«»#«lltt. PefcP>PI<DI«tt. 5Ifc& 

t*££W&\ £tz. OFF*>6ON'v0WH#*jfcS 
N^6OFF^«0*^&n*pjKtt*Wj:<&0, * 
[0 0 5 9] 

flie»fffttt£RU »JE*£KJ:Sf£ib*&£lfclfcT 

[0 0 6 0] «*a2o*«K:j:ntf* /w?y 

[0 0 6 1 ] £fc§»#^3 05£$S;:J;nfcL W^U7 

n±t<tiz>ft*b. zo&<»Mmbte^wmi*mz&j± 
C0 0 6 2] «mi, &#i&4<D£5\zi&mM%i*tjaim 



7) «IB¥8-1 7 7 4 3 6 

12 

[0 0 6 3] *fc«*«5<05EWTtt, h^Jr^©M 

SjSrfllf&jTtSc 
[BBBaftWftMi] 

io [@3] mt<nyfi7-j±B#<»mmm 9 
[04] n;W7 r ^-r5>yiElS««^®0 o 
[05] C©SaS«©AJ^U7M*ttH. 

[06] mmmte&mz&z&^&m#mm<Dm»om 
[07] »Efc*^iT«F?i7 7y*R«-r*aa€^ 

[0 8] att^*J6«**T7n-^^-h 0 

[09] »a^«t*a#fiao^*^pr*ii#**^tt 

20 [010] »Efc*tJV>T*a«* J:tf#»«OfF?l7 
^£^£T5&g£^T7n-^-- K 
[011] »*«^«tt;#»IB©»pl7 7y<Z)i9r*<0S 

[fr^<£ift9i] 

4 0-/^'j7M}fiii 

4 5»«8#J*# 

5 1 -3>hD— ^JL-y h 

7 9 

30 8 0-a£-fe>*» 



[02] 



[03] 



#ffl¥8- 1 7 7 4 3 6 



[06] 



CiEO 




S5-~ tf}&#79 ON 



S6 



W&#79 OFF 
==□ 



WL ON 



NO 



NO 



S9— 9}&#45 ON 



tf)ft#45 OFF 



-S7 



( 10 ) 



#M¥8- 17 7 4 3 6 



{07] 



Sll- 



( « 








ttEEPtt*a* 



S12 




S14— 



FT = 0 





S13 

- 5 




FT 


= i 




( 11 ) 



8Pfl¥8- 1 7 7 4 3 6 



[08] 



S21 — 
S22 



( " 












S24- 



FT = 0 



S23 

j_ 



FT =1 
FL= 1 




( 12 ) 



nm¥8- 1 7 7 4 3 6 



[09] 



S31- 



( « 











S32 




S35- 



K5UIPJ£»# ON 



S39' 



#3tfBH38i&# ON 




8*lff OFF ~S33 



OFF 

ZZ3 — " 



-S37 



( 13 ) 



»W1¥8- 1 7 7 4 3 6 



II 0] 



( X, 








iftEPtt*i&* 



S42 




( 14 ) 



8!fl¥8- 1 7 7 4 3 6 



[011] 



S51- 



c ** 










Pe 


;p? J^: 


Fe 


= 0 



S53 



Fe = 1 
Fi = 1 




(72)5BH# +** ff 



Translation of JP H08- 177436 



(19) Japan Patent Office (JP) ( 12 ) Laid Open Patent Publication (A) (U)Laid Open Patent 

Application Publication No. 
Japanese Laid Open Patent H08- 177436 

(43) Publication date July 9, 1996 

(51) IntCl 5 ID Office Cont. No. FI Technical description 

FOIL 13/00 301 Y 
Y 

1/34 C 
F02D 13/02 H 



Examination Apply No The number of claims 5 (total 14 pages) 



(21) Appl. No. Patent Application 


(71) Applicant 000003997 


H06-321853 


Nissan Motor Co., Ltd. 


(22) Fihng date December 26, 1994 


2 Takara-cho, Kanagawa-ku, Yokohama, 




Kanagawa 




(72) Inventor Shinichi TAKEMUEA 




c/o Nissan Motor Co., Ltd. 




2 Takara-cho, Kanagawa-ku, Yokohama, 




Kanagawa 




(72) Inventor Tetsuaki GOTO 




c/o Nissan Motor Co., Ltd. 




2 Takara-cho, Kanagawa-ku, Yokohama, 




Kanagawa 




(72) Inventor Shunji YAMADA 




c/o Nissan Motor Co., Ltd. 




2 Takara-cho, Kanagawa-ku, Yokohama, 




Kanagawa 




(74) Representative Fujiya SHIGA, Patent Attorney (and 




two others) 




continued to the last page 



Translation of JP H08-1 77436 2 



(54) [Title of the invention] 

Variable valve system device of internal combustion engine 
(57) [Abstract] 
[Objective] 

To prevent malfunction by returning lubricating oil pressure to an initial state when it is 
excessively lowered and to prevent multiple variable valve system mechanisms from being 
simultaneously switched over and causing large torque fluctuations. 

[Structure] 

A valve lift adjustment mechanism 40 switches an intake valve drive cam between a low 
speed cam and a high speed cam by connecting/disconnecting a main rocker arm 1 / a sub 
rocker arm 2 according to operation conditions. A valve timing adjustment mechanism 70 
relatively rotates a cam pulley 71 and a camshaft 72 synchronizing with a crankshaft to 
delay or advance the opening/closing time of the intake valve. Switchovers are performed 
by means of oil pressure changeover valves 45 and 79 based on oil pressure. When an oil 
pressure sensor 80 detects excessively lowered lubricating oil pressure, the oil pressure 
changeover valve 79 of the valve timing adjustment mechanism 70 is first switched OFF 
and, then, the oil pressure changeover valve 45 of the valve lift adjustment mechanism 40 
is switched OFF 

[Claims] 

[Claim 1] 

A variable valve system device of internal combustion engine comprising- 
multiple variable valve system mechanisms that change the valve lift property of intake or 
exhaust valves continuously or stepwise according to whether or not actuators receive oil 
pressure supply, 

multiple oil pressure control valves that control oil pressure supply to the actuators of the 
variable valve system mechanisms, 
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a control means that outputs control signals to the oil pressure control valves according to 
engine operation conditions, 

an oil pressure detection means that detects the lubricating oil pressure of the internal 
combustion engine, and 

an oil pressure supply inhibition means that inhibits the oil pressure control valves from 
supplying oil pressure when a detected oil pressure is lower than a predetermined oil 
pressure, characterized by the fact that* 

among the multiple variable valve system mechanisms, multiple variable valve system 
mechanisms that possibly receive oil pressure supply under the same engine operation 
conditions have different pre-determined oil pressures. 

[Claim 2] 

The variable valve system device of internal combustion engine according to Claim 1 
characterized by the fact that the variable valve system mechanism having valve lift 
properties changed continuously has a higher pre*determined oil pressure than a variable 
valve system mechanism having valve lift properties changed stepwise. 

[Claim 3] 

The variable valve system device of internal combustion engine according to Claim 2 
characterized by the fact that the switching of the variable valve system mechanism 
having valve lift properties changed stepwise from the no oil pressure state to oil pressure 
supply state is inhibited while the oil pressure is lower than the pre-determined oil 
pressure of the variable valve system mechanism having valve lift properties changed 
continuously. 

[Claim 4] 

The variable valve system device of the internal combustion engine according to Claim 2 or 
3 characterized by the fact that the variable valve system mechanism having valve lift 
properties changed continuously is a valve timing adjustment mechanism that changes the 
phase of a camshaft in relation to a crankshaft and the variable valve system mechanism 
having valve lift properties changed stepwise is a valve lift adjustment mechanism that 
selectively transfers the lift of one of the low speed and high speed cams to the 
intake/exhaust valves. 
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[Claim 5] 

The variable valve system device of internal combustion engine according to Claim 1 
characterized by the fact that both intake and exhaust valves are provided with the 
variable valve system mechanism and the variable valve system mechanism of the exhaust 
valves has a higher pre-determined oil pressure than the variable valve system 
mechanism of the intake valves. 

[Detailed explanation of the invention] 

[0001] 

[Scope of the invention] 

The present invention relates to a variable valve system device that changes the valve lift 
properties of intake or exhaust valves (collectively termed intake/exhaust valves) of an 
internal combustion engine according to engine operation conditions. 

[0002] 

[Prior art technology] 

The variable valve system device of an internal combustion engine generally transfers cam 
lift to intake/exhaust valves via a rocker arm or a swing arm to push and open the 
intake/exhaust valves that are biased in the closing direction by valve springs. For 
example, preferable lift properties differ between low speed operation and high speed 
operation. Therefore, a variety of variable valve system devices that can change the valve 
lift properties according to operation conditions have been proposed. For example, in a 
structure disclosed in Japanese Laid-Open Patent Application S63- 167016, low speed and 
high speed cams having different profiles are juxtaposed on a camshaft and a main rocker 
arm and a sub rocker arm driven by them are connected or disconnected as required. 
Generally, the high speed cam has a larger cam lift rate and a longer valve opening period 
than the low speed cam. 



[0003] 
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Further, a variable valve system device having a valve timing adjustment mechanism with 
which the phase of the camshaft in relation to the crankshaft is changed to delay or 
advance the opening/closing of the intake/exhaust valves is in practical use in some prior 
art applications. In such a device, the valve lift properties are not changed in profile, i.e. 
the operation central angle (the crank angle at the center of the opening and closing 
periods). 

[0004] 

Further, a variable valve system device using a combination of the valve lift adjustment 
mechanism based on the cam changes and the valve timing adjustment mechanism has 
been proposed. Combining the two, the valve lift can be changed in size while the 
opening and closing times can be changed, further complying with requirements under 
different operation conditions. 

[0005] 

[Problems overcome by the invention] 

The variable valve system mechanism such as the valve lift adjustment mechanism and 
the valve timing adjustment mechanism described above generally utilizes a hydraulic 
drive system switched over by supplying or suspending the lubricating oil pressure of an 
internal combustion engine to an actuator. 

[0006] 

When the temperature of the lubricating oil becomes excessively high, the lubricating oil 
has lower viscosity, which results in lowering the oil pressure supplied to the actuator and 
failing to ensure normal operation. It has been proposed that when the lubricating oil 
pressure becomes lower than a specific oil pressure, the oil pressure supply to the variable 
valve system mechanism is inhibited and the variable valve system mechanism is 
maintained in the initial state regardless of operating conditions (for example, Japanese 
Laid-Open Patent Application No. H05-2408). 



[0007] 
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However, when the oil pressure supply to the variable valve system mechanism is abruptly 
stopped according to the lowered oil pressure in an internal combustion engine comprising 
multiple variable valve system mechanisms such as the valve lift adjustment mechanism 
and the valve timing adjustment mechanism described above, overall significantly large 
torque fluctuations occur, possibly causing the driver an unpleasant sensation. 

[0008] 

Particularly, when a mechanism that changes a valve lift property stepwise by switching 
between high speed and low speed cams is abruptly switched over, a step change in torque 
can be sensed. 

[0009] 

[Problem resolution means] 

The present invention provides a variable valve system device of internal combustion 
engine comprising multiple variable valve system mechanisms that change the valve lift 
properties of intake or exhaust valves continuously or stepwise according to whether or not 
actuators receive oil pressure supply, multiple oil pressure control valves that control oil 
pressure supply to the actuators of the variable valve system mechanisms, a control means 
that outputs control signals to the oil pressure control valves according to engine operation 
conditions, an oil pressure detection means that detects the lubricating oil pressure of the 
internal combustion engine, and an oil pressure supply inhibition means that inhibits the 
oil pressure control valves from supplying oil pressure when a detected oil pressure is 
lower than a pre-determined oil pressure, characterized by the fact that among the 
multiple variable valve system mechanisms, multiple variable valve system mechanisms 
that possibly receive oil pressure supply under the same engine operation conditions have 
different pre-determined oil pressures. 

[0010] 

Particularly in the invention according to Claim 2, the variable valve system mechanism 
having valve lift properties changed continuously has a higher pre-determined oil pressure 
than the variable valve system mechanism having valve lift properties changed stepwise. 
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[0011] 



In the invention according to Claim 3, the switching of the variable valve system 
mechanism having valve lift properties changed stepwise from the no oil pressure state to 
the oil pressure supply state is inhibited while the oil pressure is lower than the 
pre -determined oil pressure of the variable valve system mechanism having valve lift 
properties changed continuously. 

[0012] 

As described in Claim 4, the variable valve system mechanism having valve lift properties 
changed continuously is a valve timing adjustment mechanism that changes the phase of a 
camshaft in relation to a crankshaft and the variable valve system mechanism having 
valve lift properties changed stepwise is a valve lift adjustment mechanism that 
selectively transfers the lift of one of the low speed and the high speed cams to the 
intake/exhaust valves. 



[0013] 



In the invention according to Claim 5, both intake and exhaust valves are provided with 
the variable valve system mechanism and the variable valve system mechanism of the 
exhaust valves has a higher pre-determined oil pressures than the variable valve system 
mechanisms of the intake valves. 

[0014] 

[Efficacy] 

With the structure according to Claim 1, when the lubricating oil pressure is excessively 
lowered while the actuators of the variable valve system mechanisms receive the oil 
pressure supply, the oil pressure supply to the variable valve system mechanisms is 
inhibited and the valve lift properties are changed. However, the pre-determined oil 
pressures for inhibiting the oil pressure supply are different; therefore, the oil pressure 
supply to the variable valve system mechanisms are inhibited. In other words, multiple 
variable valve system mechanisms are not simultaneously switched over as a result of a 
lowered oil pressure, alleviating torque fluctuations. 
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[0015] 

Particularly in the invention according to Claim 2, when the oil pressure is lowered, the oil 
pressure supply to the variable valve system mechanism having valve lift properties 
changed continuously is stopped first and then, the oil pressure supply to the variable 
valve system mechanism having valve lift properties changed stepwise is stopped. With 
the valve lift properties being changed, the internal combustion engine power is reduced. 
When the lowered oil pressure is caused by an elevated oil temperature, the oil 
temperature may drop and the oil pressure may be recovered after the oil pressure supply 
to the first variable valve system mechanism is stopped. If the oil pressure is thus 
recovered, inevitably the variable valve system mechanism having valve lift properties 
changed stepwise is switched over. 

[0016] 

In the invention according to Claim 3, the oil supply is not resumed even if the operation 
conditions are changed when the oil pressure supply to the variable valve system 
mechanism having valve lift properties changed stepwise is suspended after the oil 
pressure supply to the former variable valve system mechanism having valve lift 
properties changed continuously is stopped. 

[0017] 

In the invention according to Claim 4, the valve timing adjustment mechanism changes 
the phase of a camshaft in relation to a crankshaft, changing the valve lift property 
stepwise. The valve lift adjustment mechanism selectively transfers the lift of one of the 
low speed and high speed cams to the intake/exhaust valves, changing the valve lift 
property stepwise. 

[0018] 

In the invention according to Claim 5, when the oil pressure is lowered, the oil pressure 
supply to the exhaust variable valve system mechanism having smaller influence on 
torque is first stopped and, then, the oil pressure supply to the intake variable valve 
system mechanism is stopped 
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[0019] 

[Embodiments] 

Embodiments of the present invention are described in detail hereafter with reference to 
the drawings. 

[0020] 

Fig.l shows an embodiment of the variable valve system device having a valve lift 
adjustment mechanism 40 and a valve timing adjustment mechanism 70 as the variable 
valve system mechanism of intake valves 9. 

[0021] 

First, the valve lift adjustment mechanism 40 is described. As further shown in Figs. 2 
and 3, each cylinder has a main rocker arm 1 for a pair of intake valves 9. The main 
rocker arm 1 is rotatably supported at the base end by a cylinder head 69 via a main 
rocker shaft 3 shared by the cylinders. Threaded through the main rocker arm 1 at the 
tip via nuts 11, adjusting screws 10 abut the stem tops of the intake valves 9. 

[0022] 

A roller 14 is rotatably supported by a shaft 13 via a needle bearing in the main rocker 
arm 1. A low speed cam 2 1 abuts the roller 14. 

[0023] 

The main rocker arm 1 has a nearly rectangular shape in a plane view. A sub rocker arm 
2 is provided in an opening juxtaposed with the roller 14. The base end of the sub rocker 
arm 2 is relatively rotatably coupled to the main rocker arm 1 via a sub rocker shaft 16. 
The sub rocker shaft 16 is slidably fit into a bore 17 formed in the sub rocker arm 2 and 
pressed in a bore 18 formed in the main rocker arm 1. 

[0024] 

No part of the sub rocker arm 2 d abuts the intake valves 9. As shown in Fig.3, at the top 
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end of the sub rocker arm 2 provided is a cam follower 23 that protrudes in an arc shape, 
over which a high speed cam 22 slides. Underneath, is provided a lost motion spring 25 
that presses the cam follower 23 against the high speed cam 22. 

[0025] 

A cylindrical recesses 26 located directly below the sub rocker arm 2 for supporting the lost 
motion spring 25 is integrally formed in the main rocker arm 1. The lost motion spring 
25 has a coil shape, of which the bottom end seats on the bottom face 26a of the recess 26 
and the top end abuts a projection 28 integrally formed on the sub rocker arm 2 via a 
retainer 27 slidably fit in the recess 26. 

[0026] 

Integrally formed on a common cam shaft 72, the low speed cam 21 and high speed cam 22 
have different shapes (including analogues different in size) that satisfy the valve lift 
properties required during the low speed and high speed engine operations, respectively. 
In this embodiment, as shown in Fig.5, the high speed cam 22 has a profile for a larger 
valve lift rate and a larger operation angle (a longer opening period) than the low speed 
cam 21. 

[0027] 

Plungers 33, 31, and 34 are slidably fit in the main rocker arm 1 and sub rocker arm 2 to 
appropriately couple the rocker arms 1 and 2. An oil pressure passage 43 is connected 
behind the plunger 33 serving as an actuator. A return spring 38 is provided behind the 
plunger 34. 

[0028] 

When the operation oil pressure through the oil pressure passage 43 is low, the plungers 
33 and 31 are withdrawn into the sub rocker arm 2 and main rocker arm 1, respectively, 
because of the biasing force of the return spring 38, thus not interfering with their rocking 
movement. In other words, they are released. On the other hand, when the operation oil 
pressure through the oil pressure passage 43 is increased, the plungers 33 and 31 push the 
return spring 38 and slide into the main rocker arm 1 and sub rocker arm 2, and they are 
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rocked together. 
[0029] 

The oil pressure passage 43 is formed through the main rocker am 1 and main rocker shaft 
3. The discharge oil pressure of an oil pump 57 is introduced via an electromagnetic 
changeover valve 45 only during a specific high speed operation. 

[0030] 

The valve timing adjustment mechanism 70 is described hereafter. The valve timing 
adjustment mechanism 70 is provided between the camshaft 72 and cam pulley 71 to 
change their phases according to operation conditions, changing the opening/closing time 
of the intake valves 9. The cam pulley 71 receives the rotation force from a crankshaft 
(un-shown) via a timing belt 66. 

[0031] 

As shown in Fig.4, a cylindrical inner housing 65 is fixed at the end of the camshaft 72 via 
a bolt 64. A cylindrical outer housing 63 is rotatably fitted on the outer periphery of the 
inner housing 65, and the cam pulley 71 is integrally formed on the outer housing 63. 

[0032] 

An annular helical gear 73 is interposed between the inner and outer housings 65; and 63. 
The helical gear 73 has helical splines on the inner and outer peripheries. The helical 
splines are engaged with the outer periphery of the inner housing 65 and the inner 
periphery of the outer housing 63, respectively, by which as the helical gear 73 is axially 
moved, the inner housing 65 is rotated relatively to the outer housing 63 and the phase of 
the camshaft 72 is changed in relation to the cam pulley 71. 

[0033] 

A hydraulic chamber 75 is formed by the inner housing 65, outer housing 63, and helical 
gear 73, serving as an actuator. When the oil pressure force introduced in the hydraulic 
chamber 75 exceeds a predetermined value, the helical gear 73 is axially moved from the 
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initial position against a return spring 74, and the camshaft 72 is rotated in the direction 
the opening/closing time of the intake valves 9 is advanced. 

[0034] 

When the helical gear 73 is in the initial position, the opening/closing time of the intake 
valves 9 is relatively delayed, as shown in the top and bottom sections of Fig.5. When the 
helical gear 73 is at the most shifted position, as shown in the middle section of Fig.5, the 
opening/closing time of the intake valves 9 is relatively advanced. 

[0035] 

The discharge oil pressure from the oil pump 57 is introduced into the hydraulic chamber 
75 via a shaft bore 78 formed in the camshaft 72, an oil gallery 59 formed in a cylinder 
head 69, an orifice 77, and a main gallery 58 formed in a cylinder block 68. 

[0036] 

In order to appropriately release the oil pressure, an electromagnetic changeover switch 79 
that is opened/closed according to engine operation conditions is provided at the other end 
of the camshaft 72. When not energized, the electromagnetic changeover switch 79 opens 
the shaft bore 78 as shown in the figure to lower the oil pressure introduced in the 
hydraulic chamber 75. When energized, the electromagnetic changeover switch 79 closes 
the shaft bore 78 to increase the oil pressure introduced in the hydraulic chamber 75. 

[0037] 

A control unit 51 that controls the energizing of the electromagnetic changeover switches 
45 and 79 is provided as a control means for the valve lift adjustment mechanism 40 and 
valve timing adjustment mechanism 70. 

[0038] 

The control unit 51 receives engine rotation signals, engine load signals, cooling water 
temperature signals, supercharge pressure signals for intake gas of a supercharger, 
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lubricating oil temperatures and, based on the values detected, smoothly changes the 
valve lift property while preventing abrupt changes in engine torque. 

[0039] 

An oil pressure sensor 80 that detects the lubricating oil pressure is provided on the 
lubricating system of the internal combustion engine at an appropriate position. 
Detection signals from the oil pressure sensor 80 are supplied to the control unit 51. The 
lubricating oil pressure can be deduced based on other parameters in stead of directly 
detecting it as described above. 

[0040] 

Further, a warning light 81 is provided to attract attention of the driver when the oil 
pressure is lowered. 

[0041] 

Effects of the above embodiment are described hereafter. 
[0042] 

Fig. 5 is an illustration showing the control over the valve lift adjustment mechanism 40 
and valve timing adjustment mechanism 70 according to engine operation conditions. As 
shown in the figure, the valve lift adjustment mechanism 40 selects the high speed cam 22 
and the valve timing adjustment mechanism 70 controls the opening/closing time for delay 
during the high speed engine operation, thereby increasing valve overlap. The high speed 
cam 22 is used when the electromagnetic changeover valve 45 of the valve lift adjustment 
mechanism 40 is ON and the low speed cam 21 is used when it is OFF. The 
opening/closing time is advanced when the electromagnetic changeover valve 79 of the 
valve timing adjustment mechanism 70 is ON and the opening/closing time is delayed 
when it is OFF. Consequently, the electromagnetic changeover valve 45 is ON and the 
electromagnetic changeover valve 79 is OFF during high speed engine operation. 



[0043] 
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During low speed and high load engine operation, the electromagnetic changeover valve 45 
is OFF and the electromagnetic changeover valve 79 is ON, at which time the low speed 
cam 21 is used and the opening/closing time is advanced. 

[0044] 

During the low speed and low load engine operation, the electromagnetic changeover 
valves 45 and 79 are OFF, and the low speed cam 21 is used and the opening/closing time 
is delayed. 

[0045] 

The electromagnetic changeover valves 45 and 79 are switched ON or OFF based on 
engine operation conditions or engine loads and rotation numbers with reference to a 
control map provided in the control unit 51. The electromagnetic changeover valves 45 
and 79 are controlled based on individual control maps. In the rough classification of 
Fig.5, they are not ON at the same time. In practice, their ON periods partially overlap 
and they can be ON at the same time. 

[0046] 

On the other hand, the control unit 51 constantly monitors the lubricating oil pressure 
based on the oil pressure detected by the oil pressure sensor 80 as to whether the 
lubricating oil pressure is not excessively lowered. When the oil pressure is lower than a 
pre-determined oil pressure, the warning light 81 is turned on and the switching on of the 
electromagnetic changeover valves 45 and 79 is inhibited. 

[0047] 

Figs. 6 and 7 are flowcharts showing an actual control flow. Engine operation conditions 
such as engine load and rotation numbers are read in Step 1 of the main flowchart of Fig.6 
and a determination is made as to whether or not they are in the ON range of the valve 
timing adjustment mechanism 70 or the electromagnetic valve 79 in Step 2. If they don't 
fall into the ON range, the electromagnetic changeover valve 79 is switched OFF in Step 3. 
On the other hand, if they are in the ON range, the state of a first authorization flag FT 
based on the oil pressure is checked in Step 4. The first authorization flag FT has "1" for 
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authorizing the electromagnetic changeover valve 79 to be switched ON or "0" for 
inhibiting the electromagnetic changeover valve 79 from being switched ON. Therefore, 
when the authorization FT is "1" in Step 4, the electromagnetic changeover valve 79 is 
switched ON in Step 5. When the authorization FT is "0," the electromagnetic 
changeover valve 79 is switched OFF in Step 3. In Step 6, a determination is made as to 
whether or not the engine operation conditions fall into the ON range of the valve lift 
adjustment mechanism 40 or the electromagnetic changeover valve 45. When they are in 
the ON range, the electromagnetic changeover valve 45 is switched ON provided that a 
second authorization flag FL is "1" for authorizing the ON (Steps 8 and 9). Otherwise, the 
electromagnetic changeover valve 45 is switched OFF in Step 7. 

[0048] 

The authorization flags FT and FL are set according to the flowchart in Fig.7. An oil 
pressure P detected by the oil pressure sensor 80 is read in Step 11. The oil pressure P is 
compared with a first pre determined oil pressure Pi and a second pre -determined oil 
pressure P2 in Steps 12 and 16, respectively. When the actual oil pressure P is higher 
than the first pre -determined oil pressure Pi, the first authorization flag FT is given "1" 
(Step 13). When it is not higher than the first predetermined oil pressure PI, the first 
authorization flag FT is given "0" (Step 14) and the warning light 81 is turned on to 
indicate the lowered oil pressure (Step 15). Similarly, when the actual oil pressure P is 
higher than the second predetermined oil pressure P2, the second authorization flag FL is 
given "1" (Step 17). When it is not higher than the second predetermined oil pressure P2, 
the second authorization flag FL is given "0" (Step 18). The first pre determined oil 
pressure Pi that inhibits the valve timing adjustment mechanism 70 or the 
electromagnetic changeover valve 79 from being switched ON is higher than the second 
predetermined oil pressure P2 that inhibits the valve lift adjustment mechanism 40 or the 
electromagnetic changeover valve 45 from being switched ON. 

[0049] 

Therefore, when the oil pressure is excessively lowered, for example, because of elevated 
lubrication oil temperatures, the electromagnetic changeover valve 79 is first switched 
OFF and, then, the electromagnetic changeover valve 45 is switched OFF in this 
embodiment. The two electromagnetic changeover valves, or the valve timing adjustment 
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mechanism 70 and the valve lift adjustment mechanism 40, are switched over with a small 
time lag, not simultaneously, whereby alleviating torque fluctuations. 

[0050] 

When the valve timing adjustment mechanism 70 is switched OFF and the valve lift 
property is changed, the internal combustion engine power is reduced, preventing the 
lubricating oil temperature from being further elevated. In addition, the lubricating oil is 
urged to cool down. Therefore, when the lowered oil pressure is a result of elevated oil 
temperatures, the oil pressure may be recovered after the electromagnetic change over 
valve 79 of the valve timing adjustment mechanism 70 is switched OFF In such a case, 
switching OFF the electromagnetic change over valve 45 of the valve lift adjustment 
mechanism 40 may be avoided. Particularly, the valve timing adjustment mechanism 70 
having valve lift properties changed continuously is first switched OFF, further alleviating 
abrupt torque fluctuations. Consequently, switchover of the valve lift adjustment 
mechanism 40 having relatively large torque fluctuations can be avoided to the extent 
possible.. 

[0051] 

Fig.8 shows another embodiment where the authorization flags FT and FL are set in a 
different manner. In this embodiment, oil pressure P detected by the oil pressure sensor 
80 is read in Step 21 and compared with the first pre-determined oil pressure PI in Step 

22. Also in this embodiment, the first pre-determined oil pressure PI that inhibits the 
electromagnetic changeover valve 79 from being switched ON is higher than the second 
pre-determined oil pressure P2 that inhibits the electromagnetic changeover valve 45 from 
being switched ON. If the actual oil pressure P is higher than the first pre-determined oil 
pressure Pi, the first and the second authorization flags FT and FL are given "1" in Step 

23. If it is not higher than the first pre-determined oil pressure Pi, the first 
authorization flag FT is given "0" in Step 24 and the warning light 81 is turned on in Step 
25. In Step 26, a determination is made as to whether or not the engine operation 
conditions fall into the OFF range of the valve lift adjustment mechanism 40 or the 
electromagnetic changeover valve 45. When they are in the OFF range, the second 
authorization flag FL is given "0" in Step 27. When they are not in the OFF range; 
namely, they are in the ON range, the oil pressure P is compared with the second 
pre-determined oil pressure P2 in Step 28. When it is not higher than the second 
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pre-determined oil pressure P2, the second authorization flag FL is given "0 " 
[0052] 

In the event that the lubricating oil pressure is abnormally lowered in this embodiment, 
the electromagnetic changeover valve 79 of the valve timing adjustment mechanism 70 is 
returned to OFF and the internal combustion engine power is reduced as soon as PI £ P is 
observed. The electromagnetic changeover valve 45 of the valve lift adjustment 
mechanism 40 stays ON while PI > P > P2 provided that the operation conditions fall into 
the ON range of the electromagnetic changeover valve 45 of the valve lift adjustment 
mechanism 40. Once they are in the OFF range, the electromagnetic changeover valve 45 
of the valve lift adjustment mechanism 40 is fixed to OFF. Therefore, no abrupt toque 
drop occurs in the internal combustion engine during the high speed driving, which 
otherwise produces an unpleasant sensation. Because the switching from OFF to ON is 
inhibited, a forced switching from ON to OFF is less likely to occur when P2 > P is 
observed. Hence, unexpected torque fluctuations can be prevented to the extent possible. 

[0053] 

The present invention is described above using an embodiment in which the present 
invention is applied to an internal combustion engine having two variable valve system 
mechanisms on the intake part. The present invention can be applied to an internal 
combustion engine having a large number of variable valve system mechanisms. When 
three or more variable valve system mechanisms are used, those that may probably 
simultaneously operate under the same operation conditions are given different 
pre-determined oil pressures. 

[0054] 

The present invention can be applied to variable valve system mechanisms provided both 
on the intake part and on the exhaust part. Figs. 9 and 10 show the flowcharts of an 
embodiment where variable valve system mechanisms are provided both on the intake 
part and on the exhaust part. Fig.9 is a flowchart to control the electromagnetic 
changeover valves of the intake and exhaust variable valve system mechanisms. Similar 
to the flowchart of Fig.6 described above, the electromagnetic changeover valves are set for 
ON or OFF based on findings relating to the intake and exhaust ON ranges (Steps 32 and 
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36) and the findings relating to an intake authorization flag Fi and an exhaust 
authorization flag Fe (Steps 34 and 38). 

[0055] 

Fig. 10 is a flowchart similar to that of Fig.7 to explain how the authorization flags Fi and 
Fe are set. An oil pressure P detected by the oil sensor 80 is read in Step 41 and 
compared with an exhaust pre-determined oil pressure Pe and an intake predetermined 
oil pressure Pi in Steps 42 and 46, respectively. When the actual oil pressure P is higher 
than the exhaust pre-determined oil pressure Pe, the exhaust authorization flag Fe is 
given "1" (Step 43). When it is not higher than the exhaust pre-determined oil pressure 
Pe, the exhaust authorization flag Fe is given "0" and the warning light 81 is turned on 
(Steps 44 and 45). Similarly, when the actual oil pressure P is higher than the intake 
pre-determined oil pressure Pi, the intake authorization flag Fi is "1" (Step 47). When it 
is not higher than the intake pre-determined oil pressure Pi, the intake authorization flag 
Fi is "0" (Step 48). Here, the exhaust pre-determined oil pressure Pe for inhibiting the 
exhaust variable valve system mechanism from being switched ON is higher than the 
intake pre-determined oil pressure Pi for inhibiting the intake variable valve system 
mechanism from being switched ON. . 

[0056] 

Therefore, when the lubricating oil pressure is abnormally lowered, the exhaust variable 
valve system mechanism is first returned to OFF and, then, the intake variable valve 
system mechanism is returned to OFF in this embodiment. Hence, the internal 
combustion engine power is reduced, preventing the oil temperature from going up, which 
otherwise may cause the lubrication oil pressure to drop. In this process, the exhaust and 
intake variable valve system mechanisms are switched over with a small time lag, not 
simultaneously, alleviating torque fluctuations. Particularly, the exhaust variable valve 
system mechanism having less influence on torque is first switched OFF, which causes the 
driver less unpleasant sensation. 

[0057] 

Fig. 11 shows another embodiment of setting the authorization flags Fi and Fe. In this 
embodiment, similarly to Fig.8, an oil pressure P detected by the oil sensor 80 is read in 
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Step 51 and compared with the exhaust predetermined oil pressure Pe in Step 52. Also 
in this embodiment, the exhaust predetermined oil pressure Pe for inhibiting the exhaust 
variable valve system mechanism from being switched ON is higher than the intake 
pre determined oil pressure Pi for inhibiting the intake variable valve system mechanism 
from being switched ON. When the actual oil pressure P is higher than the exhaust 
predetermined oil pressure Pe, the exhaust and intake authorization flags Fe and Fi are 
given "l"in Step 53. When it is not higher than the exhaust predetermined oil pressure 
Pe, the exhaust authorization flag Fe is given "0" in Step 54 and the warning light 81 is 
turned on in Step 55. Then, in Step 56, a determination is made as to whether or not the 
operation conditions fall into the OFF range of the electromagnetic changeover valve of the 
intake variable valve system mechanism. When they are in the OFF range, the intake 
authorization flag Fi is given "0" in Step 57. When they are not in the OFF range; namely, 
they are in the ON range, the oil pressure P is compared with the intake predetermined 
oil pressure Pi in Step 58. When it is not higher than the intake predetermined oil 
pressure Pi, the intake authorization flag Fi is given "0" in Step 57. 

[0058] 

In the event that the lubricating oil pressure is abnormally lowered in this embodiment, 
the exhaust variable valve system mechanism having less influence on torque is returned 
to OFF and the internal combustion engine power is reduced as soon as Pe > P is observed. 
The intake variable valve system mechanism stays ON while Pe > P > Pi provided that the 
operation conditions fall into the ON range of the intake variable valve system mechanism. 
Once they are in the OFF range, the intake variable valve system mechanism is fixed to 
OFF. Therefore, no abrupt toque drop occurs in the internal combustion engine during 
the high speed driving, which otherwise yields unpleasant sensation. Because switching 
from OFF to ON is inhibited, a forced switching from ON to OFF less likely occurs when Pi 
> P is observed, thereby preventing unintended torque fluctuations. 

[0059] 

[Efficacy of the invention] 

As apparent from the description above, in the present invention, when the lubricating oil 
pressure is excessively lowered, the variable valve system mechanisms are returned to 
their initial states, preventing malfunction due to insufficient oil pressure, lb do so, 
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multiple variable valve system mechanisms are successively switched over based on the oil 
pressure, and not simultaneously, alleviating torque fluctuations. 

[0060] 

Particularly in the invention according to Claim 2, the variable valve system mechanism 
having valve lift properties changed continuously is switched over first and, then, the 
variable valve system mechanism having valve lift properties changed stepwise is 
switched over later, further alleviating torque fluctuations. The oil pressure may be 
recovered because of the reduced power, avoiding to the extent possible switching over a 
variable valve system mechanism having valve lift properties changed stepwise. 

[0061] 

In the invention according to Claim 3, the oil pressure supply to the variable valve system 
mechanism having valve lift properties changed stepwise is inhibited, preventing a 
subsequent unexpected switching from happening. 

[0062] 

Particularly, where a mechanism to switch between the low speed and high speed cams for 
changing the valve lift property is used as is in Claim 4, preventing the switching of the 
mechanism in association with the lowered oil pressure as much as possible leads to 
preventing abrupt torque fluctuations. 

[0063] 

In the invention according to Claim 5, the exhaust part having less influence on torque is 
first switched over, reducing torque fluctuations. 
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[Brief explanation of the drawings] 

Fig.l is an illustration showing an embodiment of the variable valve system mechanism 

according to the present invention. 

Fig.2 is an enlarged plane view of the rocker arm part. 

Fig.3 is a cross-sectional view of the rocker arm part. 

Fig.4 is a cross-sectional view of the valve timing adjustment mechanism. 

Fig. 5 is an illustration showing the valve lift property of the embodiment. 

Fig.6 is a flowchart showing the control flow over the variable valve system mechanisms 

according to engine operation conditions. 

Fig. 7 is a flowchart showing the process to set the authorization flags based on the oil 
pressure. 

Fig.8 is a flowchart showing another embodiment. 

Fig.9 is a flowchart showing an embodiment where the variable valve system mechanism 
is provided both on the intake valve part and on the exhaust valve part. 
Fig. 10 is a flowchart showing the process to set the intake and exhaust authorization flags 
based on the oil pressure. 

Fig. 11 is a flowchart showing another embodiment of setting the intake and exhaust 
authorization flags. 

[Legend] 

40 ... valve lift adjustment mechanism 
45 ... electromagnetic changeover valve 
51 ... control unit 

70 ... valve timing adjustment mechanism 

79 ... electromagnetic changeover valve 

80 ... oil pressure sensor 
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[Fig.l] 

40 ... valve lift adjustment mechanism 
45 ... electromagnetic changeover valve 
51 ... control unit 

70 ... valve timing adjustment mechanism 

79 ... electromagnetic changeover valve 

80 ... oil pressure sensor 

81 ... warning light 
(below the control unit (51)) 
load, rotation number 
[Fig.2] 

[Fig.3] 
[Fig.4] 
[Fig.5] 
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[Fig.7] 
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[Fig.9] 
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[Fig. 10] 
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